was significantly (p < 0.05) higher in 2011 comparing with 2012 and 2013, due to differences in precipitation during the grain filling period.
INTRODUCTION
Oat (Avena sativa L.) is small grain cereal crop. It has the fourth largest area harvested in Europe, after wheat (Triticum spp.), barley (Hordeum vulgare L.), and maize (Zea mays L.) (Anonymous, 2014) . Oat grain is characterised by good taste, dietetic properties, and activity that stimulates metabolic changes. It is part of a healthy diet for humans and is used in animal nutrition. Oat can be classified into husked and naked oat. For both kernels are in husks, but naked oat husk easily separates during harvesting, while husked oat husk must be mechanically removed before using in human nutrition. Naked oat usually has better quality parameters compared with husked oat cultivars (Biel et al., 2009) . Husked oat with removed husk has equal or a slightly higher quality in several parameters, for example, protein content, several fatty acids and beta-glucan content (Biel et al., 2014) . Beta-glucan (b-glucan) is an important component of water-soluble dietary fibre, which is found only in plants. b-glucan has unique functional and nutritional properties. It is found in grain endosperm and germ, but germ b-glucan has higher dietetic value. It is known that oat b-glucan controls blood glucose and cardiovascular diseases and has beneficial impact on diabetic patients (Wood, 2007; Sadiq Butt et al., 2008) .
b-glucan content in oat grains is between 17.3 to 57.0 g·kg -1 (Havrlentova and Kraic, 2006) , depending on genotype and agroecological factors. There are several studies on effect of environmental conditions and fertiliser rates on b-glucan content (Saastamoinen et al., 2004; Tiwari and Cummins, 2009; Havrlentova et al., 2013) . Climatic factors can limit oat growth and development. Temperature and precipitation are the most important climatic factors affecting b-glucan content. b-glucan accumulates late in grain development, and stress created by temperature and precipitation factors can cause early end of grain development and reduced b-glucan concentration in grains (Tiwari and Cummins, 2009) . Nitrogen fertilizers are usually used to increase yield. Higher nitrogen application rates increase protein and b-glucan concentration in grains (Fan et al., 2009) .
The aim of this study was to determine the effects of applied nitrogen fertilizer rates and meteorological conditions on b-glucan content in oat grains. To compare stability of b-glucan content in oat grains due to climatic factors under different nitrogen application rates during four years, meteorological parameters like the Seljaninov hydrothermal coefficient (HTC) (Taparauskiene et al., 2013) , mean daily temperature and sum of precipitation were calculated. HTC was calculated separately for three periods associated with nitrogen application effectivity (HTC I -period from sowing to nitrogen application, HTC II -first week after nitrogen application, HTC III -second week after nitrogen application) and separately for each month. HTC is calculated from P, daily precipitation sum; and T, mean daily temperature, using only values higher than 10 o C:
MATERIALS AND METHODS
HTC values indicate the integrated effect of precipitation and mean daily temperature (HTC 0.5 -extremely dry, HTC 0.5-0.7 -very dry, HTC 0.7-0.9 -dry, HTC 1.0-1.3 -insufficiently wet, HTC 1.3-1.5 -moderately wet, HTC 1.5-2.0 -wet, HTC 2.0-3.0 -very wet, and HTC 3.0 -extremely wet) (Taparauskiene et al., 2013) . Mean daily temperatures and sum of precipitation dynamics during the vegetation period are given in Figure 1 . Meteorological conditions in April and May were sufficient for oat growing. The sum of atmospheric precipitation and mean daily temperature in July and August were higher in 2011 than the long-term average, and dryer conditions were observed in 2013, when atmospheric precipitation was two times lower than the long-term average and mean daily temperatures were close to long-term values.
b-glucan content was determined enzymatically following procedures of commercial kits obtained from Megazyme (Megazyme International Ireland Ltd.) according to the method developed by McCleary and Glennie-Holmes (1985) . Analyses were made at the State Stende Cereal Breeding Institute.
The obtained results were statistically processed by the MS Excel software package using methods of descriptive statistics. Analysis of variance (ANOVA) was used for statistical data analysis. The significance of the effects of factors was determined at p = 0.05.
RESULTS
Meteorological conditions including precipitation can limit nitrogen uptake effectivity in plants. The HTC I value for the period between sowing and nitrogen application was higher in 2013 and the value of 2.1 indicated that the soil was wet before nitrogen application ( other years was in the range of 1.0-1.3 (insufficiently wet). The HTC II value in the first two seasons indicated extremely dry (0.7 and 0) conditions and in the others was extremely wet (3.49 and 3.58). In 2013, HTC values in July and August, when quality parameters are forming in grain, were extremely low (July 0.69 and August 0.25) compared with other years.
Content of b-glucan in naked oat genotypes was significantly (p < 0.05) higher, compared with that in the husked oat genotype. Figure 2 shows b-glucan content in relation to nitrogen application rates for husked oat genotype 'Lizete'. b-glucan content was higher with higher nitrogen application rate in 2011, 2012 and 2013, while the opposite occurred in 2014. There were significant differences (p < 0.05) in b-glucan content between nitrogen application treatments and between trial years. 
DISCUSSION
Oat is studied mostly as a raw material for the human diet. The typical parameters described (yield from hectare, volume weight, husk and crude protein content) do not characterise oat nutritive and dietary value. Oat differ from other cereals by its unique biochemical structure and high amounts of valuable nutrients such as soluble fibres, proteins, unsaturated fatty acids, vitamins, minerals and phytochemicals (Sadiq Butt et al., 2008) . b-glucan content in oat grains was reported to range from 17.3 to 57.0 g·kg -1 (Lee et al., 1997; Redaelli et al., 2003; Havrlentova and Kraic, 2006) , and there are significant differences between husked and naked oat genotypes in b-glucan content (Biel et al., 2014) . Recent studies have shown that naked oat genotypes have higher concentrations of b-glucans (39.2 to 48.9 g·kg -1 ) compared with those in husked oats (27.5 to 34.7 g·kg -1 ) (Biel et al., 2014) . Our obtained values of b-glucan content were similar to the results found in literature. In our study, b-glucan content ranged from 28.3 to 33.5 g·kg -1 for husked and from 32.0 to 47.4 g·kg -1 for naked oat genotypes, depending on growing season and nitrogen application rate. The difference between husked and naked oat genotypes can be explained by morphology; husked oat include also husk which lacks b-glucan, while naked oat kernels were free from husk. This is confirmed by analysis of b-glucan content in oats with husk and mechanically removed husk of the same genotypes. Biel et al. (2014) found that naked (44.2 g·kg -1 ) and dehulled (47.6 g·kg -1 ) oats contain significantly more b-glucan than husked oats (31.2 g·kg -1 ). Environmental conditions can affect b-glucan content in oat grain. High precipitation during ripening can reduce b-glucan concentration in oat grains (Brunner and Freed, 1994) . Doehlert et al. (2001) found a positive correlation between precipitation sum in the last two months before harvest and b-glucan concentration in oat grains. Temperatures and precipitation sum are the main climatic factors influencing oat growth and development. Havrlentova et al. (2013) found that the growing year did not significantly affect b-glucan concentration in grains. Our research showed significant (p < 0.05) effect of growing season on b-glucan content of husked and naked oats. b-glucan content for naked oat was significantly (p < 0.05) higher in 2011, when HTC values in May and June showed insufficiently wet conditions, and in July and August -very wet conditions. The lowest b-glucan content for naked oat was observed in 2013 when the HTC value at the beginning of growing season was higher and at the end of growing period was lower (very dry) compared with those in other years. Contrasting results were described by Saastamoinen et al. (2004) , where b-glucan content was lower during a cold and rainy year compared to that in a dry and hot year. Interaction of HTC values in the three periods with nitrogen application effectivity and b-glucan content in oat grains was not observed. Significant (p < 0.05) differences in b-glucan content were observed between 2011 and 2012, but HTC values of these years were quite similar. Differences among nitrogen application treatments in the amount of b-glucan were significant (p < 0.05) only for husked oat genotype. Similarly, Havrlentova et al. (2013) observed that b-glucan content of husked oat was significantly affected by nitrogen fertilisation, while content of naked oat was affected only by genotype. Fan et al. (2009) did not observe significant differences in content of b-glucan among nitrogen treatments.
We observed significant differences in b-glucan content between husked and naked oat genotypes, and the effects of metrological conditions and nitrogen application on b-glucan content in oat grains. But information found in the literature is contradictory. We need to continue our research to gain clearer understanding of b-glucan accumulation in oat grains using more husked and naked oat varieties. This could help to develop breeding criteria for new varieties, which would aid development of healthy food.
